On occasion, outbreaks of infection with adenovirus types 3, 7, and 21 cause severe lower respiratory tract infections (LRTIs) in children. From 1990 to 1998, all cases of LRTI due to adenovirus at the Seoul National University Children's Hospital, Seoul, Korea, were reviewed. Adenoviruses were recovered from nasal aspirate specimens of 87 (5.9%) of 1472 children with LRTI. The principal adenovirus serotypes were type 2
Adenoviruses are an important cause of acute respiratory illness in children, and they are implicated in 4%-10% of cases of pneumonia, 2%-10% of cases of bronchiolitis, and 3%-9% of cases of croup [1] . At the present time, 49 distinct adenovirus serotypes have been recovered from humans. Approximately one-third of these serotypes are associated with most of the infections caused by adenovirus.
Lower respiratory tract infections (LRTIs) caused by adenoviruses can occur endemically or in epidemics. In most studies, adenoviruses are isolated endemically throughout the year [2, 3] . Most laboratories do not serotype adenovirus isolates, which makes it more difficult to identify outbreaks of infection caused by a specific type that can occur in the community [4, 5] , hospital [6] , or chronic care facility [7] .
Most LRTIs due to adenovirus (hereafter known as "adenovirus LRTIs") are mild and indistinguishable from other viral respiratory infections. However, some serotypes have been associated with outbreaks of severe disease that result in considerable residual morbidity or mortality. Severe diseases have been noted in association with adenovirus types 1-7, 7a, 8 19, 21, 35, etc . [1] .
The outbreak of severe LRTIs caused by adenovirus type 7 in Korea during the spring of 1996 prompted us to review the adenovirus-associated LRTIs that have been diagnosed at the Seoul National University Children's Hospital, Seoul, Korea. The objective of our study was to describe the epidemiology, clinical features, and prognosis of adenovirus LRTIs among children in Korea during the ∼7 years from November 1990 through February 1998.
PATIENTS, MATERIALS, AND METHODS

Patients.
The study population included 1472 children who presented to the Department of Pediatrics, Seoul National University Children's Hospital, Seoul, Korea, with clinical evidence of LRTI during the period from November 1990 through February 1998. More than 95% of the study patients were hospitalized.
Specimens. Nasal aspirate specimens were collected by use of mucus traps and catheters. Pleural fluid samples were obtained by means of pleural puncture when indicated for the etiologic diagnosis and/or treatment of pleural effusion. The specimens were transported to the laboratory immediately after collection and were processed within 48 h. Viral antigen was detected by means of indirect immunofluorescent staining; adenoviruses and respiratory syncytial virus were isolated by inoculation onto HEp-2 cell monolayers, and an aliquot was snap-frozen and stored at Ϫ70ЊC for later isolation of influenza and parainfluenza viruses.
Viral antigen detection.
Indirect immunofluorescence staining was done directly on nasal aspirate specimens by use of murine monoclonal antibodies (Chemicon) and fluorescein isothiocyanate-conjugated rabbit antimurine IgG (Cappel) [2] . The specimens were tested for respiratory syncytial virus, adenovirus, parainfluenza virus types 1-3, and influenza virus types A and B.
Virus culture and identification. Nasal aspirate specimens were inoculated into HEp-2, MDCK, and LLC-MK2 culture tubes [2] . Pleural fluid samples were inoculated into HEp-2 culture tubes only. The cultures were observed for 3-4 weeks for cytopathic effect or hemadsorption and were tested by means of indirect immunofluorescence staining.
Serotyping of adenoviruses. Adenovirus serotypes were identified by use of neutralization assay with type-specific reference antisera [8] [9] [10] . Serotyping was performed to identify the common serotypes in children, types 1-7 and 11, which account for ∼85% of all adenovirus infections in children.
Analysis and definitions. Medical records were reviewed retrospectively. We analyzed age, sex, underlying disease, adenovirus serotype, clinical diagnosis, clinical manifestations, laboratory findings, results of radiological examinations, and prognosis. Presence of concurrent infection with other respiratory viruses or bacteria (isolated from a sterile body fluid sample) within 3 days of isolation of an adenovirus was included in the analysis of demographic and epidemiological data; it was excluded, however, from the analysis of clinical features, prognosis, and sequelae. LRTIs were categorized as "pneumonia," "bronchiolitis," "croup," and "tracheobronchitis," as described elsewhere [2] . If a patient died within 1 week of isolation of an adenovirus, the cause of death was attributed to the adenovirus infection. Children were categorized into the following 5 adenovirus infection groups: patients infected with type 2, those infected with type 3, those infected with type 7, those infected with other pediatric types (types 1, 4-6, and 11), and those infected with an adenovirus that was "not typed" with the antisera to types 1-7 and 11 (i.e., those with types other than types 1-7 and 11).
RESULTS
Epidemiology
Frequency of adenovirus in children with LRTI. A total of 665 respiratory viruses, excluding herpes simplex virus, were identified in the nasal aspirate specimens obtained from 641 patients (43.5% of 1472 patients). Two respiratory agents were identified in 24 aspirates. Adenoviruses were isolated from 87 patients (5.9%), which constituted 13.1% of the total isolates. Eleven adenoviruses were isolated together with other respiratory viruses (in 9 patients with mixed viral infections) or were associated with bacteremia (in 1 patient) or candidemia (in 1).
Temporal distribution of adenovirus serotypes. Patients were infected with the following adenovirus serotypes: type 1, in 3 children; type 2, in 13 children; type 3, in 13 children; type 4, in 4 children; type 5, in 4 children; type 6, in 1 child; type 7, in 36 children; and type 11, in 1 child. Two isolates were completely neutralized by type 2 antisera; they were also partially neutralized by type 6 antisera (type 2/6 hybrid). One strain was only partially neutralized by type 11 antisera (11-like). The remaining 9 strains (10.3%) were not serotyped by the antisera used.
All of the 36 children who were infected with adenovirus type 7 were admitted to the hospital during a single outbreak of infection. The epidemic of infection started in October 1995, peaked in May 1996, and ended in November 1996 (figure 1), although cases occurred sporadically throughout the study period. During the peak month of the epidemic, adenoviruses were isolated from as many as 15 (50%) of 30 of the children who were hospitalized with LRTI, and 13 of the adenoviruses were type 7. Type 3 strains were isolated only during the period from September 1991 through January 1995, which suggests an outbreak of LRTI due to adenovirus type 3. Adenovirus type 2 was isolated sporadically throughout the study period.
Demographic characteristics. All of the patients with culture results that were positive for adenovirus were hospitalized, with the exception of 5 patients who were infected with adenovirus type 2 and 1 patient who was infected with adenovirus type 5. The ratio of boys to girls was 1.9:1. Male preponderance was most prominent with regard to infection with adenovirus type 7 (ratio of boys to girls, 3.5:1). The mean patient age was 1 year, 11 months. Fourteen children (16%) were !6 months of age, 48 (55%) were 6-23 months of age, 20 (23%) were 24-60 months of age, and 5 (6%) were 160 months of age. Approximately one-third of the patients had an underlying disease (table 1) .
Clinical Features
Symptoms and signs. Eleven patients who had mixed infections with other respiratory viruses or bacteria were excluded from analysis of clinical features and prognosis. Mixed viral infections were identified in 2 patients who were infected with type 2, 1 patient infected with type 3, 2 patients infected with type 5, both of the 2 patients who were infected with the 2/6 hybrid, the patient infected with the 11-like type, and 1 patient who was infected with a strain that was not typed by the antisera used. Two patients in the "not typed" group had cases associated with bacteremia or candidemia. Medical records were not available for 2 patients who were infected with an adenovirus that was not typed by antisera to types 1-7 and 11. The medical records of the remaining 74 patients were analyzed.
Pneumonia was the most common presentation (table 2) . Fever (temperature, у38ЊC) was recorded for 190% of patients with LRTI. Prolonged (duration, у10 days) and high (temperature, у39ЊC) fever was noted in almost half of the patients and was more common among patients who were infected with type 3 (4 [33%] of 12 children) and type 7 (25 [69%] of 36).
All of the patients had cough. Dyspnea or tachypnea was observed in 49 (66%) of the patients and was also common in patients who were infected with serotype type 3 (10 [83%] of 12 patients) and type 7 (27 [75%] of 36). Rales and wheezing were noted in most of the patients. Decreased breath sounds were observed in 14 (39%) of the 36 patients who were infected with type 7.
Extrapulmonary manifestations were common. Gastrointestinal symptoms included diarrhea (in 23 [31%] of the patients), vomiting (in 15 [20%]), and abdominal pain (in 3 [4%]). Hepatomegaly and splenomegaly were detected in 35 (52%) and 23 (34%) of 67 patients, respectively (excluding patients who may have had hepatomegaly or splenomegaly due to underlying causes), and were more common in patients who were infected with type 3 and type 7. Neurological symptoms, such as generalized or focal seizure or changes in consciousness that ranged from drowsiness to coma, were observed in 13 patients (18%). Macular or maculopapular rash was observed in 4 patients (5%).
Laboratory and radiographic findings. Many of the pa- tients had anemia, leukocytosis or leukopenia, or thrombocytopenia that could not have been attributable to their underlying disease. C-reactive protein levels were 10.1 mg/dL in 60 (88%) of the 68 children evaluated, and the levels were у10 mg/dL in 16 (24%) of 68 infected children. Liver enzyme, alanine aminotransferase, or aspartate aminotransferase levels were greater than twice the normal value in almost half of the patients and were 1300 IU/L in 10%-20% of the patients; 1 patient who was infected with adenovirus type 3 and 2 patients who were infected with adenovirus type 7 had values of 11000 IU/L for such levels. Elevated levels of creatine kinase (1200 U/L) and lactate dehydrogenase (1500 U/L) were observed in 10 (80%) of 12 patients who we evaluated. One child who was infected with type 3 and 5 children who were infected with type 7 had creatine kinase values of 11000 U/L; 2 children who were infected with type 3 and 6 children who were infected with type 7 had lactate dehydrogenase values of 11000 U/L. Urinary abnormalities, such as hematuria and/or proteinuria, were observed in ∼20% of the patients. The chest radiographs for 57 patients were available for review. Peribronchial infiltration and perihilar infiltration were observed in 51 (89%) of the children, and atelectasis was observed in 31 (54%) of the children. Homogenous consolidation that mimicked bacterial pneumonia was identified on 70% (7 of 10) and 82% (27 of 33) of chest radiographs of children who had LRTI caused by adenovirus types 3 or 7, respectively. Pleural effusion was noted in 3 (30%) of 10 and 15 (45%) of 33 children who were infected with types 3 and 7, respectively, and it was bilateral in two-thirds of the cases. Pleural effusion frequently developed during the end of the febrile phase of infection. In 13 of 15 patients who were infected with adenovirus type 7 and who had pleural effusion, pleural fluid was detected during the end of the febrile phase of infection. The mean duration from onset of fever to development of pleural effusion was 10 days (range, 7-16 days), and the mean period to defervescence after development of pleural effusion was 3.6 days (range, 0-15 days). In the 2 remaining patients, pleural effusion was detected at 1-4 days after subsidence of fever.
Samples of pleural fluid were obtained from 10 of 15 children who were infected with adenovirus type 7 and who had pleural effusion (table 3) . RBC and WBC counts were available for 9 patients. RBC counts ranged from 2 cells/mL to у1000 cells/ mL, and the RBC counts for 6 patients were у1000 cells/mL, which is suggestive of a hemorrhagic effusion. WBC counts were 100-500 cells/mL in 5 patients, 501-1000 cells/mL in 3, and 11000 cells/mL in 1. Mononuclear cells were usually the predominant cell type, although the initial specimens obtained from 3 patients had 60%-70% polymorphonuclear leukocytes. (27) 6 (50) 24 (67) 5 (45) 1 (25) 31 (42) Rales and wheezing 1 (9) 5 (42) 14 (39) 1 (9) Protein concentrations ranged from 166 mg/dL to 4400 mg/ dL; in 7 patients, the range was 1500-2400 mg/dL. Glucose concentrations were not decreased (range, 89-164 mg/dL). Lactic dehydrogenase levels were markedly elevated in all of the 9 patients who were examined. The pleural fluid specimens of 7 patients were inoculated into HEp-2 cell monolayers, and 6 of them yielded an adenovirus of the same type as that from the nasal aspirate specimen.
CSF specimens were obtained from 12 of 13 children with symptoms of CNS infection. WBC counts and glucose and protein values were not elevated in any of these patients, with the exception of 1 patient with infarction of the basal ganglia and 3 patients with presumed traumatic tap.
Prognosis and Sequelae
Fluid replacement, air humidification, use of supplemental oxygen, physiotherapy, and artificial ventilation were the principal means of supportive care. An antibiotic (cefotaxime or ampicillin/sulbactam) was given to most of the patients before the etiology of the adenovirus was established, while the patient was febrile, and/or until pulmonary consolidation was resolved.
Overall, 34 (46%) of 74 patients required supplemental oxygen and/or ventilatory care. Sixteen percent (2 of 12) and 39% (14 of 36), respectively, of the children who were infected with adenovirus types 3 and 7 required mechanical ventilation.
For 7 children who were infected with adenovirus type 7, 1 child who was infected with type 2, and 1 child who was infected with type 5, the outcome was fatal. The mortality rate was 12% overall (9 of 74 patients)-25% (6 of 24) among children at high risk for infection and 6% (3 of 50) among apparently healthy children. Among patients who were infected with adenovirus type 7, the mortality rate was 19% overall (7 of 36 patients)-40% (4 of 10) among children at a high risk for infection and 12% (3 of 26) among healthy children. The 2 fatal cases of infection with types 2 and 5 occurred in children with an underlying disease.
Sixty-five patients survived. Duration of follow-up was 1-48 months for 20 children (1 patient who was infected with type 2, 6 patients who were infected with type 3, and 13 patients who were infected with type 7). These 20 patients had severe cases of infection. Residual pulmonary disease, such as persistent rales, wheezing, pulmonary infiltrate, bronchiectasis, bronchiolitis obliterans, or unilateral hyperlucent syndrome, was observed in 15 children (6 patients who were infected with adenovirus type 3 and 9 patients who were infected with type 7); these patients represent 50% of the children who were infected with type 3 and 25% of children who were infected with type 7.
DISCUSSION
Adenoviruses are a less frequent cause of LRTI in children than are respiratory syncytial virus and parainfluenza virus; however, they can cause a severe LRTI that can result in fatal outcome or residual sequelae. Adenovirus is reported to be the primary viral agent that leads to death in children [11] . The severity of adenovirus LRTI varies according to serotype, age, socioeconomic status, and environmental factors. The incidence of infection is inversely related to age. The incidence of infection peaks in patients who are 6 months to 5 years of age. Infants of !6 months of age are normally protected by maternal antibody.
Adenovirus infections can occur endemically throughout the year or in epidemics. Epidemics of adenovirus respiratory disease are common during the winter, spring, and early summer. Epidemics of infection with adenovirus are prolonged (duration, 1-3 years) [12, 13] , in contrast to outbreaks of respiratory syncytial virus, parainfluenza virus, and influenza viruses, which are well defined and which have durations of several months in industrialized and developing countries [2] . Our report describes an epidemic of infection with adenovirus type 7 with well-defined dates of onset and resolution that spanned 11 year. It is one of the largest series of epidemic LRTIs caused by adenovirus type 7. Adenovirus type 3 was also detected during the study period. The outbreak of infection with adenovirus type 3 was not well defined, and it was less intense and more prolonged than was the outbreak of infection with adenovirus type 7.
Adenoviruses cause ∼4%-10% of LRTIs in children [2, 3, 14] , but they have been detected in р31.4% of children with LRTI in Argentina during the period from 1991 through 1995 [15] . The serotypes frequently recovered from children with LRTI are types 1-3, 5, and 7. Adenovirus types 1, 2, and 5 are usually isolated from endemic or sporadic cases [16] , but epidemics of infection with these types have been reported [17] . Adenovirus types 3 and 7 and, less frequently, type 21 are responsible for most of the epidemics of adenovirus LRTI in children [4, 5, 7, [18] [19] [20] [21] [22] and are also identified in sporadic cases [16] . Outbreaks of severe infections in healthy children are most frequently reported to involve type 7, followed by types 3 and 21 [23, 24] .
In our study, unusual severity of LRTI was seen in children who were infected with adenovirus types 3 and 7. This may be explained by the facts that the Seoul National University Children's Hospital is a tertiary referral center for the whole country (therefore, the more severe cases might have been referred to this institution) and that many of the patients had underlying diseases. It is also possible that the severity of the disease caused by adenovirus type 7 may be related to the variant of the epidemic strain [25] . Also, epidemics of more-severe adenovirus diseases have been noted in infants of Oriental descent, such as those from China, and in native populations in New Zealand, Canada, and northern Finland [4, 21, [26] [27] [28] [29] . It is unknown whether severe LRTI in non-white races is attributed to genetic or environmental factors. In our study, most of the immunocompetent children were from middle or upper socioeconomic classes, and neither low socioeconomic class nor malnutrition explained the unusual severity.
Adenovirus is unique among the common respiratory viruses in that it can spread to organs other than the respiratory system, resulting in conjunctivitis, gastroenteritis, acute hemorrhagic cystitis, and meningoencephalitis. The liver, spleen, pancreas, kidney, or heart may also be involved in disseminated infections both in previously healthy people and in immunocompromised patients [24] . Disseminated adenovirus disease in immunocompetent patients is often caused by adenovirus serotypes 3, 7, and 21, and it usually occurs during epidemics of infection. In contrast, the other common adenovirus serotypes, such as types 1, 2, and 5, cause disseminated disease more frequently in immunocompromised patients [24] . In our series, 150% of the children who were infected with adenovirus type 7 had hepatomegaly or elevated hepatic aminotransferase levels, each of which is suggestive of hepatic involvement.
An alarming number of children with LRTI associated with adenovirus types 3 and 7 had pneumonic consolidation and/ or pleural effusion [29] , which are not frequently seen with other respiratory viruses and which are considered radiological markers for bacterial pneumonia. The diffuse nature of auscultatory abnormalities, which were not confined to areas of consolidation, presence of wheeze, and unresponsiveness to antibiotics suggested adenovirus infections. Abnormal results of liver function tests and, when available, pleural fluid findings, such as those described here, may provide additional clues to adenovirus etiology. Definitive diagnosis is possible only through detection of antigen or genomic material or through isolation of virus.
Most patients recover from adenovirus LRTIs, but severe adenovirus infection can result in considerable morbidity and mortality. In those patients who recover from LRTI, sequelae, such as bronchiolitis obliterans, bronchiectasis, unilateral hyperlucent lung syndrome, persistently collapsed lung, and abnormal results of pulmonary function tests [18, 28, 29, 30, 31] , may manifest years later. It has been noted that 14%-60% of children with documented lower respiratory disease due to adenovirus have some degree of pulmonary sequelae [22, 26, 27, 30] . In a study of 27 children who had documented adenovirus type 7 pneumonia 10 years prior to the study period, 12 patients were found to have had radiographic evidence of bronchiectasis or residual pulmonary changes, and 16 patients had abnormal results of pulmonary function tests [30] .
In conclusion, our data confirm that adenovirus types 3 and 7 can cause epidemics of severe LRTI in young children, and that the mortality rate associated with these epidemics is high. Epidemics of LRTI caused by adenovirus types 3 and 7 in Korea have not been described in reports published elsewhere.
